Background/Objectives Non-alcoholic fatty liver disease (NAFLD) causes a wide spectrum of liver damage, from simple steatosis (SS) to cirrhosis. SS and non-alcoholic steatohepatitis (NASH) cannot be distinguished by clinical or laboratory features. Dysregulation of the gut microbiota is involved in NASH pathogenesis. The aim of this study was to assess the relationship between microbiota-derived metabolites and the degrees of NAFLD; also, to investigate whether these metabolites could be included in a panel of NASH biomarkers. Subjects/Methods We used liquid chromatography coupled to triple-quadrupole-mass spectrometry (LC-QqQ) analysis to quantify choline and its derivatives, betaine, endogenous ethanol, bile acids, short-chain fatty acids and soluble TLR4 in serum from women with normal weight (n = 29) and women with morbid obesity (MO) (n = 82) with or without NAFLD. We used real-time polymerase chain reaction (RT-PCR) analysis to evaluate the hepatic and intestinal expression level of all genes studied (TLR2, TLR4, TLR9, LXRα, SREBP1C, ACC1, FAS, PPARα, CPT1α, CROT, SREBP2, ABCA1, ABCG1 and FXR in the liver; TLR2, TLR4, TLR5, TLR9, GLP-1R, DPP-4, FXR and PPARɣ in the jejunum) in 82 women with MO with normal liver histology (NL, n = 29), SS (n = 32), and NASH (n = 21). Results Hepatic FAS, TLR2, and TLR4 expression were overexpressed in NAFLD patients. TLR2 was overexpressed in NASH patients. In women with MO with NAFLD, we found upregulation of intestinal TLR9 expression and downregulation of intestinal FXR expression in women with NASH. Circulating TMAO, glycocholic acid and deoxycholic acid levels were significantly increased in NAFLD patients. Endogenous circulating ethanol levels were increased in NASH patients in comparison to those in SS patients. Conclusions These findings suggest that the intestine participates in the progression of NAFLD. Moreover, levels of certain circulating microbiota-related metabolites are associated with NAFLD severity and could be used as a "liquid biopsy" in the noninvasive diagnosis of NASH.
Introduction
Non-alcoholic fatty liver disease (NAFLD) is a health problem expanding in parallel with the global increase in obesity and metabolic syndrome, with an estimated global prevalence of 25%. A subgroup of individuals with NAFLD develops non-alcoholic steatohepatitis (NASH), which is characterized not only by hepatocellular lipid accumulation but also by varying severities of inflammation and fibrosis. NASH can lead to cirrhosis and even liver cancer [1] . The risk of liver-related mortality increases exponentially with an increase in fibrosis stage [2] . Currently, the diagnosis of NASH is biopsy-mediated, and it has become essential to improve the accuracy in its noninvasive diagnosis because biopsy is limited by cost, sampling error, and procedurerelated morbidity and mortality [3] .
NAFLD is a complicated metabolic disease with pathophysiological interactions between genetic and environmental factors [4] . In this regard, the most generally accepted hypothesis at present to explain the progression from simple steatosis (SS) to the concomitant presence of inflammation and ballooning, which defines NASH, is the "multiple hit" hypothesis. This hypothesis considers multiple insults acting together, including hormones/adipokines secreted from the adipose tissue, lipotoxicity, oxidative stress, mitochondrial dysfunction, genetic and epigenetic factors, and gut microbiota [5] . The dysregulation of gut microbiota has been found to be involved in a variety of metabolic diseases, such as diabetes, insulin resistance, obesity, and NAFLD [6] .
The liver and the intestine are tightly linked through the portal circulation; consequently, gut microbial-derived products primarily arriving at the liver may have pathogenic implications [7] . In recent years, the role of the gut microbiota has been increasingly implicated in modulating risk factors for NAFLD, such as energy homeostasis dysregulation, insulin resistance, increase in intestinal permeability, endogenous production of ethanol, inflammation (innate immunity and inflammasomes), and choline and bile acid (BA) metabolism [8] . These factors likely act together to intervene in the pathogenesis of NAFLD [9] .
First, gut microbiota play important roles in modulating host energy balance. In this sense, short-chain fatty acids (SCFAs) are generated by gut microbial fermentation of nondigestible carbohydrates and provide precursors for lipogenesis and gluconeogenesis, mechanisms involved in NAFLD [10] . Probiotics can inhibit small intestinal bacterial overgrowth (SIBO), leading to an improvement in insulin sensitivity in relation to incretin hormones [11] that have been shown diminished in patients with NAFLD [12] . Regarding intestinal permeability, patients with NAFLD or NASH are believed to have gut barrier dysfunction secondary to SIBO, with increased translocation of microbial products, allowing these products to reach the liver, where they may act as possible factors for NASH development [13] . In addition, both animal and human studies have suggested that gut microbiota is responsible for the increase in endogenous ethanol production in patients with NAFLD [14] . One bacteriaderived product, lipopolysaccharide (LPS), is able to activate Toll-like receptors (TLRs), and probably involved in the pathogenesis of NAFLD [15] [16] [17] .
Moreover, the level of endogenous choline is influenced by gut microbiota and some studies have shown that choline deficiency induces fatty liver formation [18] .
A common link among many NASH pathogenesis pathways is the disruption of BA homeostasis. Bile acids bind to farnesoid X receptor (FXR), which is critically involved in maintaining BA, glucose, and lipid homeostasis [19] . Also, intestinal dysbiosis is able to modify the profile of BAs in patients with NAFLD [20] .
The co-metabolism of gut microbiota in a host means that a large number of microbial metabolites are excreted in blood, urine or feces. Some of these metabolites cannot be produced without bacterial fermentation, such as the choline metabolite trimethylamine (TMA), the secondary BAs, deoxycholic acid (DCA) and lithocholic acid (LCA), and also SCFAs. Therefore, metabolomics can be useful in identifying the systemic metabolic impact of the intestinal microbiota. The application of this technique to the study of the pathogenesis of NAFLD will increase the knowledge of the biochemical pathways involved in the progression of SS to NASH and will also help in the diagnosis of NASH. Therefore, different studies in animals have used metabolomics to understand mechanisms involved in NAFLD [21] . However, few studies in humans have been conducted in this regard [22] .
Although the role of gut microbiota in the development of NAFLD is well documented, the exact mechanisms by which gut microbiota contribute to NAFLD are not enough understood. Therefore, in the present project, we had a dual objective. First, we sought to improve our knowledge of the pathogenic mechanisms involved in NAFLD by studying the intestinal microbiota from a metabolomic point of view. In this sense, we studied the circulating levels of choline, betaine, endogenous ethanol, primary and secondary BAs, SCFA and soluble TLR4 in relation to the hepatic expression of FXR, hepatic lipid metabolism genes (LXRα, SREBP1C, ACC1, FAS, PPARα, CPT1α, CROT, SREBP2, ABCA1, and ABCG1) and TLRs (TLR2, TLR4, and TLR9), and in relation to the intestinal expression of FXR, TLRs, GLP-1, and DPP-4 receptors and PPARγ in a cohort of patients with MO and NAFLD. In addition, we sought to assess whether the circulating levels of microbiota-related metabolites are associated with the severity of the disease and can be used to indicate a diagnosis of NASH.
Materials and methods

Subjects
The study was approved by the institutional review board, and all participants gave written informed consent (23c/2015). The sample size has been calculated by establishing an α level of 0.0167 (0.05/3 groups to be compared), a β level of 0.80, an estimated maximum standard deviation of 0.9, and a difference between averages of 50%. The resulting sample size to detect possible differences between groups was n = 23 in each study group. The study population consisted of 111 Caucasian women: 29 normal-weight controls (BMI < 25 kg/m 2 ) and 82 patients with MO (BMI > 40 kg/m 2 ). Liver and jejunal biopsies from MO patients were obtained during planned laparoscopic bariatric surgery. All liver biopsies were indicated for clinical diagnosis. The exclusion criteria were as follows: (1) subjects who had alcohol consumption higher than 10 g/day; (2) patients who had acute or chronic hepatic diseases (with the exception of NAFLD), (3) patients with inflammatory, infectious or neoplastic diseases; (4) patients with history of pseudomembranous colitis; (5) women who were menopausal or undergoing contraceptive treatment; (6) diabetic women receiving pioglitazone, GLP-1 receptor agonists, DPP-4 inhibitors or insulin; (7) patients treated with antibiotics (including rifamixin) in the previous 4 weeks or receiving cholestyramine or ursodeoxycholic acid; (8) subjects taking probiotics; and (9) patients receiving fecal transplantation.
Liver pathology
Liver samples were scored by experienced hepatopathologists using methods described elsewhere [23] . According to their liver pathology, women with MO were subclassified into three groups: normal liver (NL) histology (n = 29), SS (micro/macrovesicular steatosis without inflammation or fibrosis, n = 32), and NASH (Brunt Grades 1-3, n = 21). It is important to note that in our study, any patient had neither fibrosis nor cirrhosis. In order to give visual information, Fig. 1 shows the histologic features, grading, and staging of NAFLD with own images.
Biochemical analyses
All of the subjects included underwent physical, anthropometric, and biochemical assessments. Blood samples were obtained from obese and control subjects. Biochemical parameters were analyzed using a conventional automated analyzer after 12 h of fasting. Insulin resistance (IR) was estimated using homeostasis model assessment of IR (HOMA2-IR).
Plasma measurements
Plasma samples, which were obtained from either the MO group or the control group, were stored at −80°C. 
Gene expression in the liver and jejunum
Liver and jejunal samples collected after bariatric surgery were conserved in RNAlater (Qiagen, Hilden, Germany) at 4°C and then processed and stored at −80°C. Total RNA Fig. 1 Histologic features, grading, and staging of NAFLD (own images). Histological evaluation of liver sections stained with Hematoxylin-eosin, 200×: a SS group: Normal architecture amb macrovesicular steatosis. b NASH group: Macrovesicular steatosis, ballooning degeneration, and lobular inflammation was extracted from both tissues by using the RNeasy mini kit (Qiagen, Barcelona, Spain). Reverse transcription to cDNA was performed with the High Capacity RNA-to-cDNA Kit (Applied Biosystems, Madrid, Spain). Real-time quantitative PCR was performed with the TaqMan Assay predesigned by Applied Biosystems (Foster City, CA, USA) for the detection of TLR2, TLR4, TLR9, LXRα, SREBP1C, ACC1, FAS, PPARα, CPT1α, CROT, SREBP2, ABCA1, ABCG1, and FXR in the liver; TLR2, TLR4, TLR5, TLR9, GLP-1R, DPP-4, FXR, and PPARɣ in the jejunum. The expression of each gene was calculated relative to the expression of 18S RNA for liver genes and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) for genes in the jejunum. All reactions were carried out in triplicate in 96-well plates using the 7900HT Fast Real-Time PCR system.
Statistical analysis
The data were analyzed using the SPSS/PC+ for Windows statistical package (version 23.0; SPSS, Chicago, IL, USA). The Kolmogorov-Smirnov test was used to assess the distribution of variables. Continuous variables were reported as the mean ± SD; noncontinuous variables were reported as the median, and 25-75th percentile and categorical variables were shown as counts (percent). The different comparative analyses were performed using a nonparametric Mann-Whitney U test or Kruskal-Wallis test, according to the presence of two or more groups. The strength of the association between variables was calculated using Pearson's method (parametric variables) and Spearman's ρ correlation test (nonparametric variables). The area under the receiver operating characteristic curve (AUROC) was used as an accuracy index for evaluating the diagnostic performance of the selected variables. p-values < 0.05 were statistically significant.
Results
Baseline characteristics of subjects
The main characteristics of the study cohort, including anthropometric and biochemical parameters, are shown in Table 1 . First, we classified the subjects, assigning them to two groups on the basis of their BMI: women with normal weight (NW) (BMI < 25 kg/m 2 ; n = 29) and women with MO (BMI > 40 kg/m 2 ; n = 82), which were comparable in terms of age. Biochemical analyses indicated that patients with MO had significantly higher levels of fasting glucose, insulin, glycosylated hemoglobin (HbA1c), HOMA2-IR and triglycerides (p < 0.05) than women with NW. The high-density lipoprotein cholesterol (HDL-C) level was significantly lower in the patients with MO than in the patients with NW (p < 0.001). Then, our cohort of women with MO was classified according to the hepatic histology, first as MO with NL histology (n = 29) and MO with NAFLD (n = 53); second, women with MO were classified into NL, MO with SS (n = 32), and MO with NASH (n = 21) (Table 1 ). In terms of age and anthropometric measurements (weight, BMI, and waist circumference [WC]), there were no significant differences between NL, SS, and NASH patients in the MO group. Biochemical analyses indicated that insulin and triglyceride levels were also significantly lower in women with NW than in NL and NAFLD women with MO. Although the levels of glucose, insulin, HOMA2-IR, and HbA1c were not significantly different between women with NW and women with MO with NL histology; the circulating levels were significantly lower in women with NW compared with women with MO with NAFLD. When we compared liver histologies in the MO group, we observed that glucose levels were significantly greater in SS subjects than in NL and NASH subjects. In the SS group, there were 10 patients with diabetes, and in the NASH group, there were 3. Diabetic patients were receiving treatment with diet and/or metformin. Moreover, triglycerides were significantly lower in women with MO with NL histology than in women with MO with NASH. For transaminases, Table 1 shows that levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyltransferase (GGT), and alkaline phosphatase (ALP) were significantly higher in women with MO with SS and NASH than in women with NW and women with MO with NL histology.
Evaluation of the liver expression of the main genes related to hepatic lipid metabolism, farnesoid X receptor (FXR) and Toll-like receptors according to liver histology
In our cohort of women with MO, we analyzed the expression of hepatic lipid metabolism genes (LXRα, SREBP1C, ACC1, FAS, PPARα, CPT1α, CROT, SREBP2, ABCA1, and ABCG1), FXR and TLRs (TLR2, TLR4, and TLR9). As stated previously, we classified the obese cohort first into NL and NAFLD. The results indicated that FAS, TLR2 and TLR4 were overexpressed in the livers of NAFLD patients. Then, we classified the patients into NL, SS, and NASH groups (Fig. 2) . The results indicated that among the hepatic lipid metabolism genes analyzed, only FAS mRNA expression was significantly higher in women with MO with both SS and NASH compared with those with NL histology. The hepatic expression of FXR was upregulated in NASH patients; however, it did not show significant expression differences between patients with NL and SS. Finally, when we analyzed TLRs, TLR2 was overexpressed in the livers of women with NASH compared with those of women with MO with NL.
Evaluation of the jejunal expression of FXR, TLRs, glucagon-like-peptide-1 (GLP-1R) and dipeptidyl peptidase-4 (DPP-4) receptors and PPARγ according to liver histology
To add to the current knowledge about the role of intestinal FXR, TLRs, GLP-1, and DPP-4 receptors in the pathogenesis of NAFLD, we analyzed their jejunal expression according to liver histology (Fig. 3) . First, it is important to note that we could not demonstrate expression of the GLP-1R in the jejunum. Then, we observed that in women with MO with NAFLD, the intestinal TLR9 expression was greater than in women with MO with NL histology (p = 0.05). When we classified the obese cohort into NL, SS, and NASH groups, only the FXR mRNA jejunal expression level was found to be significantly lower in women with MO with NASH when compared with women with MO with NL.
Circulating levels of gut microbiota-derived metabolites in the population studied First, we investigated circulating levels of gut microbiotaderived metabolites according to the presence of obesity. The results are summarized in Table 2 . The circulating choline levels were significantly greater, and TMA levels were significantly lower in women with MO than in women with NW. Regarding SCFAs, isobutyrate levels were significantly lower and isovalerate levels significantly higher in women with MO than in women with NW. We also quantified the circulating levels of primary BAs, and we observed that circulating CDCA, CA, and GCDCA levels were significantly lower in women with MO compared with women with NW. Finally, circulating levels of secondary BAs were analyzed, and we found decreased levels of DCA, GDCA, TLCA, TDCA, and GLCA in women with MO in comparison with women with NW.
In order to assess the relationship between microbiotaderived metabolites and the degrees of NAFLD in MO patients, we analyzed circulating levels of these metabolites according to hepatic histology (Table 3) . First, we observed that levels of TMAO and GCA and DCA were significantly higher in NAFLD than in NL patients. The levels of the same metabolites were also higher in SS than in NL. Interestingly, we found that circulating ethanol levels were increased in NASH patients in comparison with those in SS subjects.
Evaluation of circulating microbiota-derived metabolites as biomarkers of non-alcoholic steatohepatitis
As a final step, we evaluated the diagnostic efficacy of a biomarker panel including circulating ethanol, betaine, GCA, and DCA levels as markers of NASH in a group of patients with liver histology indicative of NASH. A cutoff point and area under the curve were determined so that NASH could be diagnosed. To evaluate the extent to which these metabolites can predict histological features, a receiver operating characteristic (ROC) curve was obtained. The accuracy with which this panel discriminates NASH subjects from non-NASH subjects showed an AUROC of 0.776 (0.632-0.921).
Discussion
The novelty of this work lies in the fact that we aimed to study, in a well-characterized cohort of women with MO with NAFLD, different mechanisms related to NAFLDintestinal dysbiosis that could be involved in its pathogenesis. Moreover, we wondered whether any of the circulating microbiota-derived metabolites could be used in the Fig. 2 Hepatic expression of genes related to lipid metabolism, FXR and Toll-like receptors in women with morbid obesity (n = 82) classified according to liver histopathology: normal liver (NL), simple steatosis (SS), and non-alcoholic steatohepatitis (NASH). The Mann-Whitney U test or Kruskal-Wallis test was used to determine differences between groups. SREBP2, sterol regulatory element-binding protein 2; ABCA1, ATP-binding cassette A1; ABCG, ATP-binding cassette G; CPT1α, carnitine palmitoyl transferase 1 alpha; CROT, carnitine O-Octanoyltransferase; SREBP1C, sterol regulatory elementbinding protein 1c; PPARα, peroxisome proliferator-activated receptor alpha; LXRα, liver X receptor alpha; ACC1, acetyl-CoA carboxylase 1; FAS, fatty acid synthase; FXR, farnesoid X receptor; TLR2, Tolllike receptor 2; TLR4, Toll-like receptor 4; and TLR9, Toll-like receptor 9. p < 0.05 was considered statistically significant construction of a novel scoring system that could be easily applied in the clinical diagnosis of NASH. The main findings regarding hepatic expression indicate that the liver mRNA of FAS, TLR2, and TLR4 was overexpressed in NAFLD patients. Moreover, TLR2 was also overexpressed in NASH patients. Regarding FAS, our results are consistent with other publications showing dysregulation of lipogenesis [24, 25] . With respect to TLRs, recent data demonstrate that TLR signaling enhances hepatic injury in NASH and other chronic liver diseases [26] . The pathogenesis of NASH has been associated with TLRs, including TLR2, TLR4, TLR5, and TLR9, in animal studies [27] [28] [29] , which recognize LPS, peptidoglycan, flagellin, and bacterial DNA, respectively. Kupffer cells respond to TLR ligands such as LPS, are activated, and produce inflammatory cytokines that induce lipid accumulation in hepatocytes, cell death and promote liver fibrosis by activating hepatic stellate cells [27] . In human studies, Kanuri et al. showed that hepatic TLR1-5 expression was significantly increased in the livers of NAFLD patients [30] . In another interesting study, Mridha et al. described that hepatic TLR9 and TLR4 mRNA levels were increased in human NASH but not in SS [28] , proposing TLR as a possible therapeutic target for NASH. Currently, little data exist regarding TLR2 and NAFLD. However, some studies indicate that TLR2-mediated pathways crucially contribute to the progression of NAFLD/NASH [31] . The intestinal expression of TLRs has been well characterized in vitro and in vivo [32] . In human studies, increased intestinal expression of TLRs has been described in different bowel diseases [33, 34] . However, one of the novelties of our work is the study of intestinal TLR expression in women with MO with NAFLD. We found that intestinal TLR9 was overexpressed in this cohort, suggesting that the innate immune system may play an important role in the pathophysiology of NAFLD. In addition, in our study, jejunal FXR mRNA expression level was significantly lower in women with MO with NASH compared to in women with MO with NL. FXR is strongly expressed in the liver and intestine, where it is a regulator of BAs enterohepatic circulation. However, FXR seems to have a tissue-specific action: intestinal FXR antagonism inhibits SREBP1C with positive effects on lipid metabolism; however, hepatic FXR agonism increases insulin sensitivity and suppresses inflammation [35] [36] [37] .
Regarding the circulating levels of gut microbiotaderived metabolites in obesity, we found that circulating choline levels were significantly greater and TMA levels were significantly lower in women with MO. In this sense, obese individuals under a hypocaloric diet showed decreases in circulating choline levels and greater improvements in adiposity and energy metabolism [38] . Regarding SCFA, isobutyrate levels were significantly lower, and isovalerate levels were significantly higher in women with MO than in women with NW. SCFAs, can act by sensing nutritional status, thereby maintaining body energy homeostasis. Numerous animal and some human studies suggest a beneficial role of these metabolites in the prevention and treatment of obesity and its comorbidities [39] . Finally, we described decreased levels of primary and secondary BA in our cohort of women with MO, according to Prinz et al. [40] . Then, in order to improve the accuracy of the noninvasive diagnosis of NASH, we analyzed circulating levels of these metabolites according to hepatic histology and observed that levels of TMAO, GCA, and DCA were significantly higher in NAFLD patients than in NL patients. Serum TMAO levels have been described to be significantly higher in patients with NAFLD than in healthy people and correlate with the severity of steatosis [41] . TMAO might contribute to the development of NAFLD by different mechanisms: modulating glucose metabolism, promoting inflammation in adipose tissue [42] , and influencing lipid absorption and cholesterol homeostasis [43] . In regard to BAs, we found that levels of GCA, a primary BA, and DCA, a secondary one, were significantly higher in NAFLD patients than in NL patients at the expense of the SS group. Elevated total BA levels have been previously observed in the serum, plasma, urine and liver of patients with NAFLD [20, 44] . In addition, Lake et al. found increased protein expression levels of BA synthesis enzymes in human NASH livers [45] . In a population of patients with NASH, levels of unconjugated cholic acid and chenodeoxycholic acid were increased in relation to microbiota composition [46] . A metabolomic study in humans demonstrated differences in plasma concentrations of BAs between patients with SS and with NASH, suggesting that the fluctuation of these BAs could be used as a biomarker of disease [44] . However, in our study, we could not reproduce these results. Of particular interest among our findings is that endogenous circulating ethanol levels were increased in NASH patients in comparison with SS patients; therefore, circulating ethanol levels could distinguish between SS and NASH. One of the most important studies in this sense is that of Zhu et al. who concluded that the increased abundance of alcohol-producing bacteria in NASH microbiomes, elevated blood-ethanol concentration in NASH patients, and the well-established role of alcohol metabolism in oxidative stress and liver inflammation suggest a role for alcoholproducing microbiota in the pathogenesis of NASH [47] .
One of the most important objectives of the present study was to evaluate the diagnostic efficacy of a biomarker panel of NASH. Based on our results, we included circulating ethanol, betaine, GCA, and DCA levels as markers of NASH in a group of patients with liver histology indicative of NASH. The AUROC obtained was~0.776. Although this predictive value is not sufficient for an ideal biomarker, it is similar to that of other studies [3, 48] .
It is important to note here that although our cohort made it possible to establish clear relationships between women with morbid obesity with NAFLD and altered Data are expressed as the median (25th-75th percentile). p < 0.05 was considered statistically significant TMA trimethylamine, TMAO trimethylamine N-oxide, TLR4 toll-like receptor 4, CDCA chenodeoxycholic acid, CA cholic acid, GCDCA glycochenodeoxycholic acid, GCA glycocholic acid, TCA taurocholic acid, TCDCA taurochenodeoxycholic acid, DCA deoxycholic acid, GDCA glycodeoxycholic acid, LCA lithocholic acid, UDCA ursodeoxycholic acid, TLCA taurolithocholic acid, TDCA taurodeoxycholic acid, TUDCA tauroursodeoxycholic acid, GLCA glycolithocholic acid, GUDCA glycoursodeoxycholic acid a NL vs NAFLD: TMAO (p = 0.013), GCA (p = 0.022), DCA (p = 0.006) b NL vs SS: TMAO (p = 0.009), GCA (p = 0.016), DCA (p = 0.004) c SS vs NASH: ethanol (p = 0.045) circulating microbiota-derived metabolites, without the interference of confounding factors such as gender or age, these results cannot be extrapolated to men or overweight subjects.
Conclusions
Taking into account all of our results, the intestine seems to be fundamental in the progression of NAFLD, in coordination with other organs that are already known to be involved, such as adipose tissue and muscle. Moreover, circulating levels of certain microbiota-related metabolites are associated with the severity of the disease and could be incorporated into biomarker panels to be used as a "liquid biopsy" in the noninvasive diagnosis of non-alcoholic steatohepatitis.
